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METHODS FOR IDENTIFYING ERRONEOUS 
DETECTION OF PRE-PIT 

SYNCHRONIZATION BIT ON OPTICAL 
DISC AND IDENTIFYING 

STABILITY/INSTABILITY OF PRE-PIT 
SYNCHRONIZATION BIT DETECTION, AND 

ELECTRIC CIRCUITS THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for identifying 
erroneous detection of a pre-pit synchronization bit at the 
time of detecting pre-pits from readout signals of an optical 
disc (disk) having the pre-pits formed therein in a given 
signal format and a method for identifying stability/ 
instability of pre-pit synchroniZation bit detection by use of 
the identi?ed result of the erroneous detection identifying 
method, as Well as electric circuits for implementing these 
methods. In particular, the present invention concerns a 
technique for identifying the erroneous detection of a pre-pit 
synchroniZation bit and identifying the stability/instability 
of pre-pit synchroniZation bit detection With high accuracy. 

Recordable optical discs, such as recordable CDs like 
CD-R and CD-RW discs and recordable DVDs like DVD-R, 
DVD+RW, DVD-RAM and DVD-RW, have recording 
tracks Wobbling in predetermined cycles. Generally, during 
recording, a Wobble signal is extracted out of a push-pull 
signal generated by receiving a re?ection of a recording 
laser light beam off the optical discspeci?cally, the push-pull 
signal is indicative of a difference betWeen outputs from 
light-receiving elements positioned symmetrically about the 
longitudinal axis of the recording track. Spindle motor 
control, reproduction of address information, generation of 
reference clock pulses for a recording signal, etc. are per 
formed on the basis of the extracted Wobble signal. Where 
the optical disc has pre-pits, i.e. marks previously formed 
intermittently along the recording track in a laterally dis 
placed relation to the centerline of the track, pre-pit signals 
(i.e., signals indicative of detected pre-pits) are extracted out 
of the push-pull signal, and the generation of reference clock 
pulses for a recording signal, reproduction of address 
information, spindle motor control, etc. are performed on the 
basis of the extracted pre-pit signals. 

Examples of the knoWn pre-pit signal formats include one 
in Which synchroniZation bits are placed at predetermined 
locations in every other one of a plurality of track 
constituting unit sections arranged in the longitudinal direc 
tion of the track, and in Which in each regions of the track 
Where the synchroniZation bit substantially overlaps With the 
synchroniZation bit of an adjacent track in a radial direction 
of the optical disc, the recorded location of the synchroni 
Zation bit is displaced by one track-constituting unit section 
in the longitudinal direction of the track. As a good example 
of such a pre-pit signal format, the pre-pit signal format of 
a DVD-R disc is explained beloW With reference to FIG. 2. 
As shoWn, the recording track (groove track) of the DVD-R 
disc Wobbles at a predetermined frequency 140 kHZ, and 
each length equal to eight Waves of the Wobbling recording 
track is set as a track-constituting unit section (sync frame) 
for recording information. 26 such sync frames constitute a 
sector and 16 sectors constitute an ECC block, so that 
information is recorded onto the optical disc ECC block by 
ECC block. The 26 sync frames constituting a sector consist 
of even-numbered frames (frame 0, frame 2, . . . , frame 24) 
and odd-numbered frames (frame 1, frame 3, . . . , frame 25). 
In a land track adjacent to the outer edge of the groove track, 
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2 
there are formed land pre-pits in such a manner that the land 
pre-pits occur once for every tWo sync frames in correspon 
dence With the groove track. The land pre-pits are normally 
recorded in the even-numbered sync frames; hoWever, in 
each region Where the land pre-pits in the outer land track 
substantially overlap radially With similar land pre-pits in 
another land track adjacent to the inner edge of the groove 
track, the land pre-pits of the outer land track are formed in 
the odd-numbered sync frame immediately folloWing the 
even-numbered sync frame in question (i.e., at a location 
displaced by one sync frame in the longitudinal direction of 
the track). so as to avoid undesired interference betWeen the 
radially overlapping land pre-pits of the inner and outer land 
tracks (i.e., betWeen radially adjoining land tracks). Each set 
of the land pre-pits thus formed on the land track consists of 
a total three bits (i.e., “b2”, “b1” and “b0” bits in the 
head-to-rear direction), each formed at one of predetermined 
phase angle locations of the leading Wobble Wave Within the 
sync frame. In TABLE 1 beloW, there are shoWn pre-pit 
codes constituted by various combinations of logical values 
at the “b2”, “b1” and “b0” bits and pre-pit information 
represented by the pre-pit codes. Note that a logical value 
“1” of the bit indicates that a land pre-pit is formed at the 
corresponding location on the disc While a logical value “0” 
of the bit indicates that no land pre-pit is formed at the 
corresponding location on the disc. 

TABLE 1 

Information b2 b1 b0 

sector sync. code (location in 1 1 1 
even-numbered frame) 
sector sync. code (location in 1 1 O 
odd-numbered frame) 
data “1” 1 O 1 
data “0” 1 O O 

The leading “b2” bit in the pre-pit code is a synchroni 
Zation signal of the corresponding sync frame, Which is 
invariably present at the head of each sync frame having 
pre-pits formed therein. The “b1” bit is a signal indicating 
Whether the corresponding pre-pit information is a sector 
synchroniZation code or data (information such as position 
information), and this b1 bit takes the value “1” if the 
corresponding pre-pit information is a sector synchroniZa 
tion code but takes the value “0” if the corresponding pre-pit 
information is data. Further, in the case of the sector 
synchroniZation code, the “b0” bit is a bit signal indicating 
Whether the recorded location of the pre-pits is in an 
even-numbered sync frame or in an odd-numbered sync 
frame. In the case of the data, the “b0” bit represents 
contents of the data, i.e. data of one bit constituting infor 
mation such as position information. Where the sector 
synchroniZation code is recorded in an even-numbered sync 
frame, it is formed in the leading (i.e., 0th) sync frame of the 
sector, While the sector synchroniZation code is recorded in 
an odd-numbered sync frame, it is formed in the second 
from-head (i.e., 1st) sync frame of the sector. Namely, in 
every sector on the track of the optical discsuch a sector 
synchroniZation code is formed in either the leading (0th) 
sync frame or the second-from-head (i.e., 1st) sync frame. 

During recording or reproduction on the optical disc, 
pre-pit signal components can be determined as projecting 
beyond peak points of Wobble signal components contained 
in a push-pull tracking error signal, as shoWn in FIG. 3. 
Thus, the pre-pit signal can be detected, for example, by 
comparing a tracking error signal With an appropriate thresh 
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old value, as also shown in FIG. 3. By decoding the 
thus-detected pre-pit signal, there can be obtained 
information, such as address information, sync frame syn 
chroniZation information (b2=“1”) and sector synchroniZa 
tion information (b2, b1, b0=“1, 1, 1” or “1, 1, 0”). 
As noted earlier, the synchronization bit of the pre-pit 

code is normally placed in every other track-constituting 
unit section appearing along the longitudinal direction of the 
track, it is recorded in a track-constituting unit section 
immediately folloWing the normal track-constituting unit 
section in such a region of the track Where the synchroni 
Zation bit in the land track substantially overlap radially With 
the synchroniZation bit in an inner adjacent track. Thus, the 
synchroniZation bit sometimes occurs in tWo successive 
track-constituting unit sections or no synchroniZation bit 
sometimes occurs in tWo successive track-constituting unit 
sections. As a consequence, When the synchroniZation bit 
has been detected in tWo successive track-constituting unit 
sections, it is very difficult to determine Whether the suc 
cessive synchroniZation bits are correctly-detected synchro 
niZation bits, or erroneously-detected synchroniZation bits 
despite loss of the predetermined synchroniZation. Similarly, 
When no synchroniZation bit has been detected in tWo 
successive track-constituting unit sections, it is very difficult 
to determine Whether the non-detection of the synchroniZa 
tion bit is due to the fact that the synchroniZation bit is just 
missing from the tWo successive track-constituting unit 
sections although the predetermined synchroniZation has 
been attained, or due to loss of the predetermined synchro 
niZation. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing, it is an object of the present 
invention to provide a method capable of identifying, With 
high accuracy, erroneous detection of a pre-pit synchroni 
Zation bit at the time of detecting pre-pit signals from 
readout signals of an optical disc having formed therein 
pre-pits in a given signal format, and a method capable of 
identifying, With high accuracy, stability/instability of pre 
pit synchroniZation bit detection by use of the erroneous 
detection identifying method and an identi?ed result of the 
erroneous detection identifying method. It is another object 
of the present invention to provide electric circuits suitable 
for implementing the above-mentioned methods of the 
present invention. 
An optical disc has been knoWn on Which synchroniZation 

bits are recorded as pre-pits, at predetermined locations of a 
track, in every other one of a plurality of successive track 
constituting unit sections provided along a longitudinal 
direction of the track and on Which in each region of the 
track Where the synchroniZation bit substantially overlaps 
With the synchroniZation bit of an adjacent track in a radial 
direction of the optical disc, a recorded location of the 
synchroniZation bit is displaced, in the longitudinal direction 
of the track, by one track-constituting unit section 1. In this 
type of optical disc, the region, Where the recorded location 
of the synchroniZation bit is displaced by one track 
constituting unit section, does not occur so frequently. Thus, 
the present invention is arranged to identify erroneous 
detection of a pre-pit synchroniZation bit, using such a 
characteristic of the optical disc. 

Namely, at the time of detecting a pre-pit synchroniZation 
bit from a readout signal of the optical disc, the erroneous 
detection identifying method of the present invention per 
forms: a step of detecting presence/absence of the synchro 
niZation bit at the predetermined location in each of the 
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4 
track-constituting unit sections; a step of, When the synchro 
niZation bit is detected or not detected in tWo or more 
successive track-constituting unit sections and then the 
synchroniZation bit is detected or not detected in folloWing 
tWo successive track-constituting unit sections Within a 
predetermined time, determining that detection or non 
detection of the synchroniZation bit in the folloWing tWo 
successive track-constituting unit sections is erroneous; and 
a step of, When the synchroniZation bit is detected only in 
every other track-constituting unit section Within the prede 
termined time period and then the synchroniZation bit is 
detected in tWo successive track-constituting unit sections 
folloWing the predetermined time period or When the syn 
chroniZation bit is detected only in every other track 
constituting unit section Within the predetermined time 
period and then the synchroniZation bit is not detected in the 
tWo successive track-constituting unit sections folloWing the 
predetermined time period, determining that detection or 
non-detection of the synchroniZation bit in the tWo succes 
sive track-constituting unit sections folloWing the predeter 
mined time period is accurate or has no error. 

Thus, When the synchroniZation bit has been detected in 
tWo successive track-constituting unit sections, the present 
invention can appropriately determine Whether the succes 
sive synchroniZation bits are correctly-detected synchroni 
Zation bits, or erroneously-detected synchroniZation bits 
despite loss of the predetermined synchroniZation. Similarly, 
When the synchroniZation bit has not been detected in tWo 
successive track-constituting unit sections, the present 
invention can appropriately determine Whether the non 
detection of the synchroniZation bit is due to the fact that the 
synchroniZation bit is just missing from the tWo successive 
track-constituting unit sections although the predetermined 
synchroniZation has been achieved, or due to loss of the 
predetermined synchroniZation. With this arrangement, erro 
neous detection of the synchroniZation bit can be identi?ed 
With high accuracy. In addition to the above-mentioned 
determination steps, the present invention may further com 
prise a determination step of, When the synchroniZation bit 
is detected in every other track-constituting unit sections, 
determining that detection or non-detection of the synchro 
niZation bit is accurate or has no error, but When the 
synchroniZation bit is detected or not detected in three or 
more successive track-constituting unit sections, determin 
ing that detection or non-detection of the synchroniZation bit 
in the three or more successive track-constituting unit sec 
tions is erroneous or has an error. 

According to another aspect of the present invention, 
there is provided a method for identifying stability/ 
instability of pre-pit synchroniZation bit detection from an 
optical disc, Which comprises: a step of, on the basis of a 
determination result by the above-mentioned erroneous 
detection identifying method, determining present/absence 
of erroneous detection of a pre-pit synchroniZation bit in 
each of optionally-set time periods; a step of updating a 
count value by a predetermined amount in one counting 
direction each time no erroneous detection of the pre-pit 
synchroniZation bit is made in one of the time periods, but 
updating the count value by a predetermined amount in 
another counting direction each time erroneous detection of 
the pre-pit synchroniZation bit is made in one of the time 
periods; and a step of, When the count value has reached a 
predetermined value in the one counting direction, deter 
mining that the detection of the pre-pit synchroniZation bit 
is in a stable state, but When the count value has reached a 
predetermined value in the other counting direction, deter 
mining that the detection of the pre-pit synchroniZation bit 
is in an instable state. 
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Because the erroneous detection of the synchronization 
bit can be identi?ed With high accuracy by the above 
mentioned erroneous detection identifying method of the 
invention, the method for identifying stability/instability of 
pre-pit synchroniZation bit detection, using the erroneous 
detection identifying method, can also identify the stability/ 
instability of pre-pit synchroniZation bit detection With high 
accuracy. Further, servo gains for tracking and focus control 
of the optical pickup and the like can be changed using an 
identi?ed result of the stability/instability identi?cation; for 
example, the servo gains may be increased When the detec 
tion of the pre-pit synchroniZation bit is determined as 
stable, and the servo gains may be decreased When the 
detection of the pre-pit synchroniZation bit is determined as 
instable. Furthermore, spindle motor control can be changed 
using the identi?ed result of the stability/instability identi 
?cation; for example, frequency control of the spindle motor 
may be employed When the detection of the pre-pit synchro 
niZation bit is determined as stable, and phase control of the 
spindle motor may be employed When the detection of the 
pre-pit synchroniZation bit is determined as instable. 

According to still another embodiment of the present 
invention, there is provided a circuit for identifying errone 
ous detection of a pre-pit synchroniZation bit from a readout 
signal of an optical disc, Which comprises: a timing genera 
tor section for instructing arrival timing of the synchroni 
Zation bit for each of the track-constituting unit sections; a 
synchroniZation bit detector section for detecting presence/ 
absence of the synchroniZation bit at the arrival timing 
instructed by the timing generator section; a storage section 
for storing data indicative of the presence/absence of the 
synchroniZation bit detected via the synchroniZation bit 
detector section for each of the track-constituting unit sec 
tions; and a decoder section for decoding stored data of the 
storage section for each of the track-constituting unit sec 
tions. When the synchroniZation bit is detected only in every 
other one of the track-constituting unit sections, the decoder 
section determines that detection of the synchroniZation bit 
in the plurality of track-constituting unit sections is accurate. 
When the synchroniZation bit is detected in tWo successive 
track-constituting unit sections only once but detected only 
in every other one of the track-constituting unit sections on 
other occasions, or When the synchroniZation bit is not 
detected in tWo successive track-constituting unit sections 
only once but detected only in every other one of the 
track-constituting unit sections on other occasions, the 
decoder section determines that the detection of the syn 
chroniZation bit in the plurality of track-constituting unit 
sections is accurate, provided that the synchroniZation bit 
has been detected only in every other track-constituting unit 
section in a preceding predetermined time period. Further, 
When the synchroniZation bit has been detected or not 
detected in tWo or more successive track-constituting unit 
sections in the preceding predetermined time period, the 
decoder section determines that the detection of the syn 
chroniZation bit in the plurality of track-constituting unit 
sections is erroneous. Furthermore, When the synchroniZa 
tion bit is detected or not detected in tWo successive track 
constituting unit sections more than once, the decoder sec 
tion determines that the detection of the synchroniZation bit 
in the plurality of track-constituting unit sections is errone 
ous. Moreover, When the synchroniZation bit is detected or 
not detected in three or more successive track-constituting 
unit sections, the decoder section determines that the detec 
tion of the synchroniZation bit in the plurality of track 
constituting unit sections is erroneous. 
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According to still another embodiment of the present 

invention, there is provided a circuit for identifying stability/ 
instability of pre-pit synchroniZation bit detection from an 
optical disc, Which comprises: a counter for, on the basis of 
a determination output of the above-mentioned circuit for 
identifying erroneous detection of a pre-pit synchroniZation, 
updating a count value by a predetermined amount in one 
counting direction each time it has been determined that the 
detection of the pre-pit synchroniZation bit in one of the 
track-constituting unit sections is accurate, but updating the 
count value by a predetermined amount in another counting 
direction each time it has been determined that the detection 
of the pre-pit synchroniZation bit in one of the track 
constituting unit sections is erroneous; and a determination 
section for, When the count value of the counter has reached 
a predetermined value in the one counting direction, deter 
mining that the detection of the pre-pit synchroniZation bit 
is in a stable state, but When the count value has reached a 
predetermined value in the other counting direction, deter 
mining that the detection of the pre-pit synchroniZation bit 
is in an instable state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For better understanding of the object and other features 
of the present invention, its preferred embodiments Will be 
described hereinbeloW in greater detail With reference to the 
accompanying draWings, in Which: 

FIG. 1 is a block diagram shoWing an electric circuit for 
identifying erroneous detection of a pre-pit synchroniZation 
bit and an electric circuit for identifying stability/instability 
of pre-pit synchronization bit detection; 

FIG. 2 is a diagram shoWing a pre-pit signal format of a 
DVD-R disc; 

FIG. 3 is a Waveform diagram explanatory of a manner in 
Which pre-pits are detected from a push-pull tracking error 
signal; and 

FIG. 4 is a diagram shoWing Waveforms of a push-pull 
tracking error signal and signals denoted at A to C of FIG. 
1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, embodiments of the present invention Will be 
described in relation to a case Where the basic principles of 
the invention are applied to an optical disc apparatus han 
dling a DVD-R disc to record or reproduce desired infor 
mation to or from the DVD-R disc. In FIG. 1, there are 
shoWn an erroneous-detection identifying circuit for identi 
fying erroneous detection of a pre-pit synchroniZation bit 
and a stability/instability identifying circuit for identifying 
stability/instability of pre-pit synchroniZation bit detection. 
Speci?cally, the stability/instability identifying circuit 10 
includes the erroneous-detection identifying circuit 12. Sig 
nals A to C output from various components of the 
erroneous-detection identifying circuit 12 are shoWn in 
detail in FIG. 4 using the same reference characters Ato C. 
The erroneous-detection identifying circuit 12 includes a 
timing generator 14 that signals timing When a synchroni 
Zation bit b2 should arrive for each track-constituting unit 
section (sync frame in this case). To the timing generator 14 
is input a frame synchroniZation signal (signal A in FIG. 4) 
from a land pre-pit decoder (not shoWn) or the like. The 
frame synchroniZation signal is generated at normal timing 
When the head location of each sync frame should arrive; in 
this case, the normal timing When the head location of each 
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sync frame should arrive is predicted on the basis of a time 
point When a land pre-pit synchronization signal b2 is 
detected by the land pre-pit decoder (not shoWn) from a 
readout signal of the DVD-R disc. Note that the detection 
of the land pre-pit synchroniZation signal is possible even 
before the rotation of the optical disc becomes stable. More 
speci?cally, the timing generator 14 generates a timing 
signal of a predetermined Width or duration (signal B in FIG. 
4) in synchronism With the input frame synchroniZation 
signal A. This timing signal B is a signal having some 
margin (WindoW Width) before and after the arrival timing of 
the synchroniZation bit b2. 

Further, in the erroneous-detection identifying circuit 12, 
an AND circuit 16 is supplied With a land pre-pit signal 
decoded by the land pre-pit decoder (i.e., signal C obtained 
by comparing a push-pull tracking error signal of FIG. 4 
With an appropriate threshold signal) and the above 
mentioned timing signal B, in order to detect the synchro 
niZation bit b2 of the land pre-pit signal C input Within a 
section corresponding to the timing signal B. Each output 
from the AND circuit 16 is given to a serial input/parallel 
output shift register 18 of the erroneous-detection identify 
ing circuit 12. The shift register 18 is composed of registers 
corresponding to four sync frames and sequentially shifts the 
output from the AND circuit 16 (i.e., value “1” for each sync 
frame Where the synchroniZation bit b2 has been detected 
and value “0” for each sync frame Where the synchroniZa 
tion bit b2 has not been detected) With the same cycle as the 
sync frame. 

Four-bit parallel output of the shift register 18 is coupled 
to a decoding section 20, Which includes a decoder 22 and 
a mode change register 24. The decoding section 20 decodes 
the four-bit parallel output of the shift register 18 for every 
four sync frames from the start of each sector, and deter 
mines Whether or not there has occurred an error in syn 
chroniZation bit detection Within the four sync frames. 
Criteria used here for determination of the synchroniZation 
bit detection error are as folloWs. 

(a) When the synchroniZation bit b2 has been detected 
only in every other sync frame Within the current 
four-sync-frame set, it is determined that the synchro 
niZation bit detection “has no error” or “accurate”. 

(b) When the synchroniZation bit b2 has been detected in 
tWo successive sync frames Within the current four 
sync-frame set, or When no synchroniZation bit b2 has 
been detected in tWo successive sync frames Within the 
current four-sync-frame set, any one of the folloWing 
determinations is made depending on detection results 
of the synchroniZation bit b2 in a four-sync-frame set 
immediately preceding the current four-sync-frame set 
in question. 

(b-1) If the synchroniZation bit b2 has been detected only 
in every other sync frame Within the preceding four 
sync-frame set, the synchroniZation bit detection is 
determined as “having no error” or “or accurate” 
assuming that there has occurred an odd/even mode 
change (for sWitching the pre-pit recording location 
betWeen the even-numbered frame and the odd 
numbered frame) in the current four-sync-frame set. 

(b-2) If the synchroniZation bit b2 has been detected in 
tWo successive sync frames Within the preceding four 
sync-frame set, or If no synchroniZation bit b2 has been 
detected in tWo successive sync frames Within the 
preceding four-sync-frame set, the synchroniZation bit 
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detection is determined as “having an error” or “erro 

neous” because the odd/even mode change basically 
does not take place so often. Similarly, if the synchro 
niZation bit b2 has been detected in three successive 
sync frames Within the preceding four-sync-frame set, 
or If no synchroniZation bit b2 has been detected in 
three successive sync frames Within the preceding 
four-sync-frame set, the synchroniZation bit detection 
can be determined as “having an error”. 

(c) When the synchroniZation bit b2 has been detected 
successively in ?rst tWo sync frames Within the current 
four-sync-frame set and no synchroniZation bit b2 has 
been detected in neXt tWo successive sync frames 
Within the current four-sync-frame set, or When no 
synchroniZation bit b2 has been detected in the ?rst tWo 
successive sync frames Within the current four-sync 
frame set and the synchroniZation bit b2 has been 
detected in the neXt tWo successive sync frames Within 
the current four-sync-frame set, the synchroniZation bit 
detection is determined as “having an error” because 
these detection patterns are basically unlikely. 

(d) When the synchroniZation bit b2 has been detected in 
three or more successive sync frames Within the current 
four-sync-frame set, or When no synchroniZation bit b2 
has been detected in three or more successive sync 
frames Within the current four-sync-frame set, the syn 
chroniZation bit detection can be determined as “having 
an error” because these detection pattern are basically 
unlikely. 

The mode change register 24 detects, for each set of four 
sync frames to be examined, odd/even mode changes Within 
the four sync frames, ie that the synchroniZation bit b2 has 
been detected in tWo or more successive sync frames or that 

no synchroniZation bit b2 has been detected in tWo or more 
successive sync frames. The detected result is held for a time 
corresponding to neXt four sync frames and then used by the 
decoder 22 to identify an error in synchroniZation bit detec 
tion for the neXt four sync frames. Examples of the deter 
mination by the decoder 22 are shoWn in TABLE 2. In 
TABLE 2, “CHGMD” represents a detected result of the 
odd/even mode change in the immediately preceding four 
sync-frame set Which is held in the mode change register 24. 
That is, CHGMD “0” indicates that the synchroniZation bit 
b2 has occurred alternately (i.e., in every other sync frame 
Within the immediately preceding four-sync-frame set (i.e., 
“0101” or “1010”), namely, that no change has been made 
to the odd/even mode. CHGMD “1”, on the other hand, 
indicates another detected result that the synchroniZation bit 
b2 has been detected in tWo or more successive sync frames 
Within the immediately preceding four-sync-frame set or no 
synchroniZation bit b2 has been detected in tWo or more 
successive sync frames Within the immediately preceding 
four-sync-frame set, namely, that a change has been made to 
the odd/even mode. Further, in Table 2, “determination 
result 0” indicates that the synchroniZation bit detection has 
no error or accurate, and “determination result X” indicates 
that the synchroniZation bit detection has an error or erro 

neous. Further, “NEXT CHGMD” in TABLE 2 represents a 
detected result of the odd/even mode change Which is held 
in the mode change register 24 on the basis of the four-bit 
parallel output of the shift register 18 and Which is used for 
identi?cation of the erroneous synchroniZation bit detection 
in the neXt four-sync-frame set. 
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TABLE 2 

4-BIT OUTPUT OF sIIIET 
ATTERN REGISTER 1s DETERMINATION NEXT 

NO. n - 3 n - 2 n - 1 n CHGMD RESULT CHGMD 

1 0 0 0 0 0 or 1 X 1 
2 0 0 0 1 0 or 1 X 1 
3 0 0 1 0 0 O 1 
4 1 X 1 
5 0 0 1 1 0 or 1 X 1 
6 0 1 0 0 0 O 1 
7 1 X 1 
s 0 1 0 1 0 or 1 O 0 
9 0 1 1 0 0 O 1 

10 1 X 1 
11 0 1 1 1 0 or 1 X 1 
12 1 0 0 0 0 or 1 X 1 
13 1 0 0 1 0 O 1 
14 1 X 1 
15 1 0 1 0 0 or 1 O 0 
16 1 0 1 1 0 O 1 
17 1 X 1 
1s 1 1 0 0 0 or 1 X 1 
19 1 1 0 1 0 O 1 
20 1 X 1 
21 1 1 1 0 0 or 1 X 1 
22 1 1 1 1 0 or 1 X 1 

In the case of pattern Nos. 3, 6 and 9 of TABLE 2, the neXt 
four sync frames should always take the No. 15 pattern, and 
thus the decoder 22 can yield “determination result 0” 
(indicating that the detection has no error) only When the No. 
15 pattern has been detected in the neXt four sync frames. 
Similarly, in the case of pattern Nos. 13, 16 and 19, the neXt 
four sync frames should alWays take the No. 8 pattern, and 
thus the decoder 22 can yield “determination result 0” only 
When the No. 8 pattern has been detected in the neXt four 
sync frames. Further, although no consideration has been 
given, in the above eXamples, to an odd/even mode change 
immediately before and after the demarcation point betWeen 
adjacent sets of the four sync frames (i.e., odd/even mode 
change betWeen the last sync frame of preceding four sync 
frames and the leading or ?rst sync frame of succeeding four 
sync frames), the decoder 22 can also detect an odd/even 
mode change immediately before and after the demarcation 
point betWeen adjacent sets of the four sync frames; namely, 
in this case, the decoder 22 identi?es an odd/even mode 
change When the synchroniZation bit b2 has been detected 
successively in the last sync frame of the preceding four 
sync frames and in the leading sync frame of the succeeding 
four sync frames or When no synchroniZation bit b2 has been 
detected successively in the last sync frame of the preceding 
four sync frames and in the leading sync frame of the 
succeeding four sync frames. This Way, the decoder 20 can 
also identify an odd/even mode change Within the four sync 
frames in addition to any error in the synchroniZation bit 
detection. 

The decoder 20 has been described above as yielding 
“determination result X” When an odd/even mode change has 
been detected on condition that the folloWing sync frames 
have presented any other pattern than the No. 8 or No. 15 
pattern. In an alternative, a given time period (e.g., a time 
period longer than a total time length of four sync frames) 
may be set by a timer or the like, and the decoder 20 may 
yield “determination result X” When an odd/even mode 
change has been detected Within the time period on condi 
tion that the folloWing sync frames have presented any other 
pattern than the No. 8 or No. 15 pattern. Further, Whereas the 
decoder 20 has been described above as performing the 
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operation for identifying a synchroniZation bit detection 
error every four sync frames, the synchroniZation bit detec 
tion error may be identi?ed for every other number of sync 
frames than four. In another alternative, the operation for 
identifying a synchroniZation bit detection error may be 
carried out Without demarcating the sector as mentioned 
above; for eXample, the synchroniZation bit detection may 
be determined as “having an error” if a time length from a 
time point of successive occurrence of the synchroniZation 
bit detection value “0” or “1” to a time point of neXt 
successive occurrence of the synchroniZation bit detection 
value “0” or “1” is shorter than a predetermined value. 

Referring back to FIG. 1, the stability/instability identi 
fying circuit 10 also includes a counter 26 in the form of an 
up/doWn counter, Which is reset to an initial value of “0” in 
response to an instruction for starting up rotation of the disc 
(e.g., reproduction or recording start instruction). The count 
of the counter 26 thus rest is incremented by one each time 
the erroneous-detection identifying circuit 12 outputs “deter 
mination result 0” indicating that the synchroniZation bit 
detection has no error, but is decremented by one each time 
the erroneous-detection identifying circuit 12 outputs “deter 
mination result X” indicating that the synchroniZation bit 
detection has an error. 

Further, the stability/instability identifying circuit 10 
includes a determination section 28 for determining Whether 
the synchroniZation bit detection has been performed in a 
stable condition or in an instable condition. Namely, in the 
determination section 28, a higher count value C1 for 
determining that the synchroniZation bit detection has been 
shifted from the instable condition to the stable condition 
and a loWer count value C2 for determining that the syn 
chroniZation bit detection has been shifted from the stable 
condition to the instable condition are set into a decoder 30. 
In this case, C1>C2; for eXample, C1=16 and C2=0. Once 
the count of the counter 26 has increased to reach the higher 
count value C1 With an RS ?ip-?op circuit 32 kept in a reset 
state, the decoder 30 sets the RS ?ip-?op circuit 32. When 
the count of the counter 26 has decreased to reach the loWer 
count value C2 With the RS ?ip-?op circuit 32 kept in a set 
state, the decoder 30 resets the RS ?ip-?op circuit 32. Q 
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output terminal of the RS ?ip-?op circuit 32 outputs a 
logical value “1” or “0” as a signal indicative of stable 
synchronization signal detection or instable synchronization 
signal detection. The stable synchronization signal detection 
signal (“1”) or instable synchronization signal detection 
signal (“0”) Will be used in sWitching a servo gain, spindle 
motor control, etc. 
Whereas the preferred embodiment has been described 

above only in relation to the case Where the present inven 
tion is applied to recording or reproduction to or from a 
DVD-R disc, the present invention is also applicable to 
recording or reproduction on any other optical discs having 
pre-pits formed therein in such a manner that synchroniza 
tion bits are placed at predetermined locations along the 
length of tracks in every other track-constituting unit section 
appearing in the lengthWise or longitudinal direction of the 
track and that in each region of the track Where the syn 
chronization bit overlaps or substantially overlaps With the 
synchronization bit of an adjacent track in the radial direc 
tion of the optical disc, the recorded position of the syn 
chronization bit in one of the tWo adjacent tracks is displaced 
by one track-constituting unit section in the lengthWise 
direction of the track (i.e. displaced into the immediately 
folloWing track-constituting unit section). 
What is claimed is: 
1. A method for identifying erroneous detection of a 

pre-pit synchronization bit from a readout signal of an 
optical disc on Which synchronization bits are recorded as 
pre-pits, at predetermined locations of a track, in every other 
one of a plurality of successive track-constituting unit sec 
tions provided along a longitudinal direction of the track and 
on Which in each region of the track Where the synchroni 
zation bit substantially overlaps With the synchronization bit 
of an adjacent track in a radial direction of the optical disc, 
a recorded location of the synchronization bit is displaced, 
in the longitudinal direction of the track, by one track 
constituting unit section, said method comprising: 

a step of detecting presence/absence of the synchroniza 
tion bit at the predetermined location in each of the 
track-constituting unit sections; 

a step of, When the synchronization bit is detected or not 
detected in tWo or more successive track-constituting 
unit sections and then the synchronization bit is 
detected or not detected in folloWing tWo successive 
track-constituting unit sections Within a predetermined 
time, determining that detection or non-detection of the 
synchronization bit in said folloWing tWo successive 
track-constituting unit sections is erroneous; and 

a step of, When the synchronization bit is detected only in 
every other track-constituting unit section Within the 
predetermined time period and then the synchroniza 
tion bit is detected in tWo successive track-constituting 
unit sections folloWing the predetermined time period 
or When the synchronization bit is detected only in 
every other track-constituting unit section Within the 
predetermined time period and then the synchroniza 
tion bit is not detected in the tWo successive track 
constituting unit sections folloWing the predetermined 
time period, determining that detection or non 
detection of the synchronization bit in the tWo succes 
sive track-constituting unit sections folloWing the pre 
determined time period is accurate. 

2. A method as claimed in claim 1 Wherein When the 
synchronization bit is detected in every other track 
constituting unit sections, it is determined that detection or 
non-detection of the synchronization bit is accurate, but 
When the synchronization bit is detected or not detected in 
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12 
three or more successive track-constituting unit sections, it 
is determined that detection or non-detection of the synchro 
nization bit in the three or more successive track 
constituting unit sections is erroneous. 

3. A method for identifying stability/instability of pre-pit 
synchronization bit detection from an optical disc said 
method comprising: 

a step of, on the basis of a determination result by said 
method for identifying erroneous detection of a pre-pit 
synchronization bit as claimed in claim 2, determining 
present/absence of erroneous detection of a pre-pit 
synchronization bit in each of optionally-set time peri 
ods; 

a step of updating a count value by a predetermined 
amount in one counting direction each time no errone 
ous detection of the pre-pit synchronization bit is made 
in one of the time periods, but updating the count value 
by a predetermined amount in another counting direc 
tion each time erroneous detection of the pre-pit syn 
chronization bit is made in one of the time periods; and 

a step of, When the count value has reached a predeter 
mined value in the one counting direction, determining 
that the detection of the pre-pit synchronization bit is in 
a stable state, but When the count value has reached a 
predetermined value in the other counting direction, 
determining that the detection of the pre-pit synchro 
nization bit is in an instable state. 

4. Acircuit for identifying erroneous detection of a pre-pit 
synchronization bit from a readout signal of an optical disc 
on Which synchronization bits are recorded as pre-pits, at 
predetermined locations of a track, in every other one of a 
plurality of successive track-constituting unit sections pro 
vided along a longitudinal direction of the track and on 
Which in each region of the track Where the synchronization 
bit substantially overlaps With the synchronization bit of an 
adjacent track in a radial direction of the optical disc, a 
recorded location of the synchronization bit is displaced, in 
the longitudinal direction of the track, by one track 
constituting unit section, said circuit comprising: 

a timing generator section for instructing arrival timing of 
the synchronization bit for each of the track 
constituting unit sections; 

a synchronization bit detector section for detecting 
presence/absence of the synchronization bit at the 
arrival timing instructed by said timing generator sec 
tion; 

a storage section for storing data indicative of the 
presence/absence of the synchronization bit detected 
via said synchronization bit detector section for each of 
the track-constituting unit sections; and 

a decoder section for decoding stored data of said storage 
section for each of the track-constituting unit sections 
so that: 

When the synchronization bit is detected only in every 
other one of the track-constituting unit sections, said 
decoder section determines that detection of the 
synchronization bit in the plurality of track 
constituting unit sections is accurate; 

When the synchronization bit is detected in tWo suc 
cessive track-constituting unit sections only once but 
detected only in every other one of the track 
constituting unit sections on other occasions, or 
When the synchronization bit is not detected in tWo 
successive track-constituting unit sections only once 
but detected only in every other one of the track 
constituting unit sections on other occasions, said 
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decoder section determines that the detection of the 
synchronization bit in the plurality of track 
constituting unit sections is accurate, provided that 
the synchronization bit has been detected only in 
every other track-constituting unit section in a pre 
ceding predeterrnined time period; 

When the synchroniZation bit has been detected or not 
detected in tWo or more successive track-constituting 
unit sections in the preceding predetermined time 
period, said decoder section determines that the 
detection of the synchroniZation bit in the plurality of 
track-constituting unit sections is erroneous; 

When the synchroniZation bit is detected or not detected 
in tWo successive track-constituting unit sections 
more than once, said decoder section determines that 
the detection of the synchroniZation bit in the plu 
rality of track-constituting unit sections is erroneous; 
and 

When the synchroniZation bit is detected or not detected 
in three or more successive track-constituting unit 
sections, said decoder section determines that the 
detection of the synchroniZation bit in the plurality of 
track-constituting unit sections is erroneous. 

5. A circuit for identifying stability/instability of pre-pit 
synchroniZation bit detection from an optical disc said 
circuit comprising: 

a counter for, on the basis of a determination output of 
said circuit for identifying erroneous detection of a 
pre-pit synchroniZation bit as claimed in claim 4, 
updating a count value by a predetermined amount in 
one counting direction each time it has been determined 
that the detection of the pre-pit synchroniZation bit in 
one of the track-constituting unit sections is accurate, 
but updating the count value by a predetermined 
amount in another counting direction each time it has 
been determined that the detection of the pre-pit syn 
chroniZation bit in one of the track-constituting unit 
sections is erroneous; and 

a determination section for, When the count value of said 
counter has reached a predetermined value in the one 
counting direction, determining that the detection of the 
pre-pit synchroniZation bit is in a stable state, but When 
the count value has reached a predetermined value in 
the other counting direction, determining that the detec 
tion of the pre-pit synchroniZation bit is in an instable 
state. 

6. Acircuit for identifying erroneous detection of a pre-pit 
synchroniZation bit from a readout signal of an optical disc 
on Which synchroniZation bits are recorded as pre-pits, at 
predetermined locations of a track, in every other one of a 
plurality of successive track-constituting unit sections pro 
vided along a longitudinal direction of the track and on 
Which in each region of the track Where the synchroniZation 
bit substantially overlaps With the synchroniZation bit of an 
adjacent track in a radial direction of the optical disc, a 
recorded location of the synchroniZation bit is displaced, in 
the longitudinal direction of the track, by one track 
constituting unit means, said circuit comprising: 

tirning generator means for instructing arrival timing of 
the synchroniZation bit for each of the track 
constituting unit sections; 

synchroniZation bit detector means for detecting 
presence/absence of the synchroniZation bit at the 
arrival tirning instructed by said tirning generator 
rneans; 

storage means for storing data indicative of the presence/ 
absence of the synchroniZation bit detected via said 
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14 
synchroniZation bit detector means for each of the 
track-constituting unit means; and 

decoder means for decoding stored data of said storage 
section for each of the track-constituting unit means so 
that: 
When the synchroniZation bit is detected only in every 

other one of the track-constituting unit means, said 
decoder rneans determines that detection of the syn 
chroniZation bit in the plurality of track-constituting 
unit means is accurate; 

When the synchroniZation bit is detected in tWo suc 
cessive track-constituting unit means only once but 
detected only in every other one of the track 
constituting unit means on other occasions, or When 
the synchroniZation bit is not detected in tWo suc 
cessive track-constituting unit means only once but 
detected only in every other one of the track 
constituting unit means on other occasions, said 
decoder rneans determines that the detection of the 
synchroniZation bit in the plurality of track 
constituting unit means is accurate, provided that the 
synchroniZation bit has been detected only in every 
other track-constituting unit means in a preceding 
predetermined time period; 

When the synchroniZation bit has been detected or not 
detected in tWo or more successive track-constituting 
unit means in the preceding predetermined time 
period, said decoder rneans determines that the 
detection of the synchroniZation bit in the plurality of 
track-constituting unit means is erroneous; 

When the synchroniZation bit is detected or not detected 
in tWo successive track-constituting unit means more 
than once, said decoder rneans determines that the 
detection of the synchroniZation bit in the plurality of 
track-constituting unit means is erroneous; and 

When the synchroniZation bit is detected or not detected in 
three or more successive track-constituting unit means, 
said decoder rneans determines that the detection of the 
synchroniZation bit in the plurality of track-constituting 
unit means is erroneous. 

7. A circuit for identifying stability/instability of pre-pit 
synchroniZation bit detection from an optical disc said 
circuit comprising: 

counter means for, on the basis of a determination output 
of said circuit for identifying erroneous detection of a 
pre-pit synchroniZation bit as claimed in claim 4, 
updating a count value by a predetermined amount in 
one counting direction each time it has been determined 
that the detection of the pre-pit synchroniZation bit in 
one of the track-constituting unit means is accurate, but 
updating the count value by a predetermined amount in 
another counting direction each time it has been deter 
mined that the detection of the pre-pit synchroniZation 
bit in one of the track-constituting unit means is erro 

neous; and 

determination means for, When the count value of said 
counter has reached a predetermined value in the one 
counting direction, determining that the detection of the 
pre-pit synchroniZation bit is in a stable state, but When 
the count value has reached a predetermined value in 
the other counting direction, determining that the detec 
tion of the pre-pit synchroniZation bit is in an instable 
state. 


